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ABSTRACT
The relationship between cities and streams has historically been one of
conflict. Streams are dynamic systems that do not conform to the rigid physical
boundaries that characterize urban development. Past solutions to adapt
streams to the urban landscape included altering stream paths and confining
them to concrete channels and pipes to control localized flooding so that valuable
land could be used for the construction of buildings and infrastructure. The
increase in impervious cover and the rapid conveyance of stormwater to
receiving streams typical to urban development has resulted in the “urban stream
syndrome”, a consistently observed ecological degradation (Walsh et al. 2005).
Past urban development style and associated surface water management
engineering solutions have resulted in the loss of stream hydrologic and
ecological integrity, as well as the loss of a public amenity.
Many cities are beginning to realize the environmental, economic and
social value of restoring their streams. Across the globe, buried streams have
been daylighted and become amenities to city residents, catalyzing adjacent
redevelopment. However, a stream is just one part of the overall urban
hydrologic system. Without restoring the encompassing watershed hydrology, the
outcome of stream restoration may not provide the expected flood mitigation,
water quality improvement and other ecosystem services. Green infrastructure is
a holistic approach to water management that, when its practices are employed
throughout a watershed, is effective in mitigating the harmful effects of
urbanization on streams.
This thesis investigates how an urban stream renovation can be the
impetus for a new redevelopment regime that redefines a city’s relationship with
the hydrology of the urban landscape. A water-centric framework employing the
practices of green infrastructure throughout the watershed of Woolen Mill Branch
in Cleveland, TN illustrates ways in which this urban stream can become a focal
point around which future redevelopment within Cleveland’s downtown is
v

organized. Simultaneously, multiple layers of benefits are provided including
flood and stormwater management, improved ecosystem services, recreation,
cultural connection and education.
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PREFACE
What if the first question asked in planning for an urban redevelopment
project is “How will this project affect the stream?” How does this question
compare with the first question asked today? What would our cities look like if
streams and their hydrologic systems were the organizing elements of planning
and development? Through this thesis, I explore these questions and imagine a
city that regards the inherent value of its streams as a way to connect its
residents – human and non-human – with each other.
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CHAPTER I
STREAMS AND CITIES
Streams are an integral part of the dynamic hydrologic regime that
governs the earth. Humans have always relied on streams for our livelihood and
our cities were settled around them for many reasons including their provision of
water and food resources, transportation infrastructure, and facilitation of
commerce and recreation. Further, the flat land of the floodplain eased the
construction of buildings and roads. As our cities have spread across the
landscape, we have imposed a rigid pattern of development upon the hydrologic
system thus altering streams so that they have lost or reduced environmental,
economic and social functions (Figure 1). This thesis explores a method through
which the city of Cleveland, TN can redevelop in a manner that restores urban
hydrology and thereby restores the relationship with one of their fragmented and
dysfunctional streams, Woolen Mill Branch, catalyzing urban investment and
growth.
THE HYDROLOGIC SYSTEM OF A NATURAL STATE
The hydrologic system is composed of the interrelated processes of
precipitation, evapotranspiration, infiltration, groundwater flow, stream flow and
runoff. In a watershed’s natural condition, it is estimated that 40% of precipitation
goes through the process of evapotranspiration, 50% infiltrates into the soil and
10% becomes runoff (Federal Interagency Stream Restoration Working Group
[FISRWG], 1998). High infiltration rates recharge groundwater, which maintains
stream base flow in times of low precipitation.
Other features of the landscape serve to maintain stream integrity such as
floodplains, which are an integral component of the watershed. They provide
multiple benefits including floodwater storage and conveyance, surface water
quality maintenance through sediment removal, groundwater recharge, biological
productivity and recreational opportunities. Tree canopy cover intercepts rainfall,
1

Figure 1. The relationship between cities and streams: Cleveland TN overlaid on Woolen Mill
Branch.
Source: Author, US Army Corps of Engineers, the City of Cleveland

slowing its velocity and reducing the quantity that reaches the ground, thereby
reducing runoff. Riparian vegetation reduces the intensity and amount of runoff
and associated sediment that enters streams, slows floodwaters, and provides
energy and nutrients for aquatic stream communities. Riparian tree canopy cover
provides shade to keep water temperatures cool which is important for many
aquatic species. Figure 2 is a schematic diagram illustrating a stream in its
natural state.
THE PAST APPROACH TO URBAN WATER MANAGEMENT
The past use and treatment of urban surface water has been driven solely
by anthropogenic interests. As cities grew towards the end of the 19th century,
engineers looked for ways to manage urban water and the effluent it often
carried. Polluted streams carried diseases and were prone to flooding. They
lacked aesthetic quality and were considered nuisances that were detrimental to
2

Figure 2. The hydrologic regime of a stream in its natural state.
Source: Author, FISRWG

development. Land in cities was a valuable commodity to be developed; streams
were seen as an obstacle to that development, impeding the proliferation of rigid
development patterns. Cities funded immense stream burial projects such as the
encapsulation of the Saw Mill River in Yonkers, NY in 1920’s (Figure 3) to
overcome these ‘obstacles.’
The prevailing urban water management principle from the end of the 19th
century until the establishment of stormwater management regulations beginning
in 1990 was that of site drainage and rapid conveyance. Streams were buried in
pipes or their banks were lined with concrete in order to quickly move floodwater
downstream so that valuable land (usually the floodplain) could be used for
development (Figure 4). Storm sewers were installed under ground to collect
runoff from the rapidly expanding impervious areas and to discharge it directly
into streams (Figure 5). This approach was in response to the increased
occurrence and severity of flooding. However, it was soon realized that although
these conveyance structures reduced localized flooding, downstream flooding
worsened.
3

Figure 3. Burial of the Saw Mill River.
Source: daylightyonkers.com

Figure 4. Concrete lined stream.
Source: floodengage.com
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Figure 5. Storm drain installation.
Source: commons.wikimedia.org

In response to downstream flooding, detention basins were implemented
over the last 30 years as a way of maintaining the pre-development runoff
conditions in development projects. Large areas of land on these sites were set
aside to accommodate the volume of excess stormwater to temporarily detain
and slowly release it to the receiving water body. These basins (Figure 6) were
designated for the single purpose of flood control. In many instances they were
fenced off from public access, usually for safety reasons. Detention basins only
provide peak flow reduction and have minimal impact on controlling overall runoff
volume, which could have adverse impacts downstream (Environmental
Protection Agency [EPA], n.d.-a). Most detention basins are limited in their
overall pollutant removal capabilities and are ineffective in soluble pollutant
removal (EPA, n.d.-a).
WATER QUALITY
Water quality was not initially a priority in the urban water management
strategy. Public outcry over the severely polluted water that characterized many
urban streams and rivers in the 1960s led to the passage of the Clean Water Act
in 1972. As authorized by the act, the National Pollutant Discharge Elimination
5

Figure 6. Detention basin
Source: cityofgadsden.com

System (NPDES) permit program regulates point sources that discharge pollution
into the waters of the United States. The intent was to “restore the chemical,
physical and biological integrity of the Nation’s waters” with the “national goal that
the discharge of pollutants into the navigable waters be eliminated by 1985”
(Clean Water Act of 1972). As a result of the law, point source pollution from
industrial facilities and municipalities has been significantly reduced.
However, the regulations did not address the impacts of non-point source
pollution from urban stormwater runoff, which was proving to be a major cause of
water quality impairment. Pollutants discharged from urban stormwater sewer
outfalls include sediment, oil, grease and toxic chemicals from motor vehicles,
pesticides, nutrients from fertilizers, viruses, bacteria, road salts, heavy metals
and thermal pollution from dark impervious surfaces of rooftops and roads.
Figure 7 is an example of non—point source pollutants from roads entering a
storm sewer. Figure 8 illustrates a storm sewer discharging large volumes of
contaminated stormwater pollutants into a stream. Not only are the pollutants
conveyed by stormwater harmful to stream health, but the volume and velocity of
water concentrated in sewer pipes also causes streambank erosion and
disruption to aquatic species as it enters the stream.
6

Figure 7. Pollutants in runoff entering storm sewer.
Source: burnaby.ca

Figure 8. Polluted storm sewer discharge.
Source: charmeck.org/stormwater
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To address the concern of stormwater pollution, Congress wrote Section
402(p) of the Clean Water Act in 1987, adding stormwater control to the NPDES
program. In 1990, the EPA issued Phase I of the program which required
medium and large municipalities to obtain a permit from their state (as authorized
by the EPA) to regulate stormwater discharges and establish acceptable
stormwater management practices within their communities. In 1999, the EPA
issued Phase II, which extended the program to small municipalities and other
designated Municipal Separate Storm Sewer Systems (MS4s).
THE HYDROLOGIC SYSTEM OF AN ALTERED STATE
As we have altered the natural landscape to make way for cities, the
natural hydrologic system and features of the landscape have transformed in a
way that has affected our streams so that they no longer perform their
hydrological or ecological functions (Figure 9). Urbanized areas contain
expansive contiguous areas of impervious cover from buildings and paved areas
that decrease the ability for precipitation to infiltrate, thus increasing runoff. In
this altered state, it is estimated that 30-35% of precipitation goes through the
process of evapotranspiration, 15-35% infiltrates into the soil and 30-55%
becomes runoff depending on soil type (FISRWG, 1998). Compacted soils from
expansive grading and other construction activities further reduce soils’ ability to
infiltrate precipitation. Buildings, roads and parking areas are built adjacent to
streams in the floodplains, rendering them vulnerable to flooding events. Tree
canopy has been significantly reduced, lessening interception of rainfall,
increasing runoff velocity and quantity. Riparian vegetation has been removed,
degrading habitat for aquatic species. Stream water temperature is increased by
superheated stormwater rapidly conveyed from surrounding impervious surfaces
and loss of riparian tree canopy and its associated shading. The stream and its
floodplain have lost aesthetic quality and have been physically disconnected from
people.
8

Figure 9. The hydrologic regime of an urban area.
Source: Author, FISRWG

Although it is recognized that enhanced approaches to urban water
management are needed moving forward, changing decades of infrastructure
and hydrologically detrimental development patterns is a daunting task.
DRIVERS FOR A NEW APPROACH TO WATER MANAGEMENT
Looking at the state of our urban waters as a result of our past approach
to their management, it is time for a change. The need for change is called for by
Novotny, Ahearn and Brown:
At the end of the 20th century, and even more so in this century, it
has become evident that the urban water infrastructure cannot
cope with increasing stresses - and that, in the new millennium,
this infrastructure could crumble because of its age and inherent
deficiencies of traditional designs. (2010, p. 5)
The following drivers will guide us to a new approach to urban water
management:
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Continued Decline in Stream Health and The Urban Stream Syndrome
Despite EPA regulations, many urban streams are still considered
impaired, not meeting water quality standards set forth by the EPA. Although
many improvements have been made since the 1999 expansion of the NPDES
permit program, the most current available data reveals that 53.7% of assessed
rivers and streams are threatened or impaired, with 61,711 miles of impairments
caused by urban-related runoff and stormwater (EPA, n.d.-b).
The urban stream syndrome is a term used to describe “the consistently
observed ecological degradation of streams draining urban land” (Walsh et al.,
2005). The symptoms of this condition, which include a flashier hydrograph,
elevated concentrations of nutrients and contaminants, altered channel
morphology/stability and reduced biotic richness (Paul & Meyer, 2001), are
summarized in Figure 10. The results of Dunne and Leopold’s 1978 conceptual
model of mechanisms of the major urban impacts on stream ecosystems
conclude that most of the changes shown in Figure 10 are caused by stormwater
runoff from impervious surfaces conveyed to streams via pipes and sealed drains
(Walsh et al., 2005). The relationship between watershed impervious cover and
the stream hydrologic, physical, chemical and biological responses to this
disturbance is illustrated in the conceptual impervious cover model developed by
Shueler (2009) (Figure 11). Streams in watersheds that have greater than 25%
impervious cover are considered non-supporting with a quality assessment
mostly between fair and poor. Streams in watersheds with as little as 5%
impervious cover can fall into the fair-poor range if they lack riparian buffers or
canopy cover. Impervious cover is a measurable and manageable metric that is
easily understood and applied by planners and policy makers (Shueler 2009).
The extent of watershed imperviousness in large cities can range between 75100% (Figure 12).

10

Figure 10. Symptoms of the urban stream syndrome
Source: Author, from (Shueler, 2009)

Figure 11. Impervious cover model.
Source: Author, from (Shueler, 2009)
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Figure 12. The impervious condition of cities.
Source: Google Earth

Change in Precipitation
A predicted increase in frequency and intensity of storms will mean more
flood events in the future. According to the EPA, heavy downpours that currently
occur about once every 20 years are projected to occur about every four to 15
years by 2100, depending on location (EPA, n.d.-c). The amount of precipitation
falling in very heavy events from 1958-2012 has increased 27% in the southeast
(National Climate Assessment, n.d.). Our existing stormwater infrastructure and
future approaches to managing stormwater runoff will need to be modified in
order to accommodate these changes in rainfall frequency and intensity.
FEMA Hazard Mitigation Assistance Programs
From 2005 to 2014, total flood insurance claims averaged more than $3.5
billion per year (National Flood Insurance Program, n.d.). With the anticipated
increase in precipitation frequency and intensity, this figure is expected to rise in
the future. In order to reduce disaster losses, FEMA ‘s Hazard Mitigation
Assistance Programs provide funding to states and local communities for
activities to permanently remove structures from flood prone areas so that the
12

land can be converted to open space. Other funded activities include minor
localized flood reduction such as the construction of retention basins.
Infrastructure Improvement Needs
The Clean Watersheds Needs Survey 2008 report summarizes the results
of the EPA’s 15th national survey of capital costs to address water quality or
water quality related public health problems. The report states that of the $298
billion needed for wastewater and stormwater management, $63.6 billion is
needed for combined sewer overflow correction and $42.3 billion is needed for
stormwater management. Outside the $298 billion needed, an additional $22.8
billion is needed for non-point source pollution prevention (EPA, n.d.-d).
Much of the nations’ existing stormwater infrastructure is aging and does
not function adequately because either it is in disrepair or because it is not
properly designed to accommodate the anticipated increased runoff volume from
the changes in precipitation patterns discussed above or increases in impervious
cover. If water can infiltrate locally, then the need for larger stormwater pipes
decreases, therefore decreasing hard (also referred to as gray) infrastructure
costs. New York City is implementing a plan to use green infrastructure practices
(discussion of this topic follows) to reduce stormwater discharges and estimates
the plan will save $1.5 billion over 20 years by combining grey and green
infrastructure investments rather than relying on traditional hard infrastructure
alone (American Society of Landscape Architects, 2012, p. 11).
Among those in the stream restoration field, there is some thought that
“the utilization of stream restoration as part of infrastructure repair and
replacement represents a tremendous opportunity to maximize benefits from
public expenditures” (Bain et al., 2014, p. 1609). However, Bain cautions that
more evaluation is needed on the effectiveness of urban stream restorations in
addressing these needs before they are widely used (p. 1609).
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Demand for Increased Quality of Life
It is estimated that by 2017, a majority of people will be living in urban
areas and the urban population is expected to grow approximately 1.84% per
year between 2015 and 2020 (World Health Organization, n.d.). In order for cities
to grow sustainably, quality of life issues must be addressed in urban planning
and policy. Quality of life is affected by economic, social and environmental
conditions. Public access to clean water amenities such as streams and the
open space that surrounds them provides urban residents with an increased
quality of life, offering opportunities for recreation, relaxation, and interaction with
nature and with neighbors.
New Knowledge and Technology
Green infrastructure is a relatively new, evolving practice that is being
used by some communities to manage stormwater. The Center for Watershed
Protection (CWP) defines green infrastructure as:
natural systems that capture, cleanse and reduce stormwater runoff using
plants, soils and microbes. On the regional scale, green infrastructure
consists of the interconnected network of open spaces and natural areas
(such as forested areas, floodplains and wetlands) that improve water
quality while providing recreational opportunities, wildlife habitat, air quality
and urban heat island benefits, and other community benefits. At the site
scale, green infrastructure consists of site-specific management practices
(such as interconnected natural areas) that are designed to maintain
natural hydrologic functions by absorbing and infiltrating precipitation
where it falls. (CWP, n.d.)
The following green infrastructure elements can be incorporated into the
watershed. They range in scale from site-specific tools to large-scale
management and policy:

14

•

Downspout disconnection – the rerouting of rooftop collection systems to
rain barrels or pervious areas

•

Rainwater harvesting - using cisterns or rain barrels to collect and store
rainwater for later use

•

Bioretention basin/cell or rain garden – vegetated basin that collects and
absorbs runoff from impervious surfaces

•

Bioswale – vegetated or mulched conveyance that slows, infiltrates and
filters stormwater

•

Pervious pavement – concrete, asphalt or interlocking pavers that
infiltrate, treat or store precipitation

•

Green streets and parking – an integrated design using other elements
such as bioretention cells, pervious pavement and trees to infiltrate, store
and evapotranspire stormwater

•

Green roofs – a growing media and vegetation that allows infiltration and
evapotranspiration of rainfall

•

Urban tree canopy – a community forest plan that uses trees to intercept
and evapotranspire rainfall

•

Land Conservation – protect open spaces and environmentally sensitive
areas (wetlands, floodplains, steep slopes, etc.) within or adjacent to cities
in order to provide water quality and flood mitigation functions as well as
recreational opportunities

15

CHAPTER II
THE WOOLEN MILL BRANCH WATERSHED
The Woolen Mill Branch watershed is a sub-watershed of the South
Mouse Creek watershed, which lies within the Hiwassee River watershed, and
drains into the Tennessee River (Figure 13). Woolen Mill Branch is an urban
stream that meanders southeast to northwest through the downtown of
Cleveland, TN. Two branches of the stream, the east and west forks, traverse
city neighborhoods and converge just east of the railroad tracks that run northsouth through the city (Figure 14). With a population 41,285 (US Census, 2010),
Cleveland has a rich history as a manufacturing town. Many massive factories,
such as the Whirlpool facility, occupy large footprints within the city. Typical to
most urban streams, the land surrounding Woolen Mill Branch has been
developed in a way that has altered the hydrologic system and other natural
landscape features that affect stream integrity (Figure 1).

Figure 13. Woolen Mill Branch watershed lies within the South Mouse Creek watershed in
Cleveland, TN.
Source: Author
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Figure 14. Woolen Mill Branch, Cleveland, TN
Source: Author
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IMPERVIOUSNESS
Woolen Mill Branch is impacted by the impervious cover of its watershed.
Paved areas and rooftops contribute to an overall 42% imperviousness, with
some sub-watersheds containing 59-66% impervious cover (Figure 15). Because
paved areas typically abut the stream edge, there is little to no riparian vegetation
that provides canopy cover or buffer (Figure 16). Per Shueler’s impervious cover
model shown in Figure 11, Woolen Mill Branch would be expected to fall within
the fair to poor range.
STREAM CONDITION AND WATER QUALITY
The present day impaired stream conditions result from surrounding land
use and the condition of the watershed. Figure 17 illustrates the physical
conditions of the stream. Typical conditions in the downtown area include
encapsulation under buildings and paved areas, a full or partial concrete
streambank and rip-rap covered streambank. Small reaches have vegetated
banks but tree canopy cover is sparse or non-existent and the buffer width is
narrow. The street grid pattern overlays the meandering stream pattern, creating
26 culverts at road crossings. There are multiple storm sewer outfalls that
convey large volumes of fast flowing, untreated stormwater to the stream. In
residential areas, streambanks are vegetated but tree canopy cover is sparse or
non-existent and mowed lawns typically abut the stream minimizing aquatic
habitat (Figures 17, 18). As a consequence of these conditions, the stream is
303(d) listed. The 2011 TMDL Siltation/Habitat Alteration Benthic Monitoring
Report completed by S&ME, Inc. as part of the city’s required NPDES permit
concludes that the stream is severely impaired. The habitat assessment score of
54 is well below the benchmark of 123 for the Southern Shale Valleys Ecoregion
(67g). The Tennessee Macroinvertebrate Index (TMI) score was 16 with a target
of 32 (S&ME, 2012). Because the stream traverses private property, is buried
and has little aesthetic value, it has no social value in its present condition.
18

Figure 15. Woolen Mill Branch watershed imperviousness
Source: Author, UTK CE400 class (spring 2015), Google Earth
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Figure 16. Birds-eye view of impervious conditions.
Source: Author, Google Earth

FLOODING
Approximately 86 buildings have been constructed within the 100-year
floodplain of Woolen Mill Branch, with five of those buildings being built directly
over the stream (Figures 19, 20). Storm events in 2003 and 2009 produced 6.5
and 9.5 inches of precipitation, respectively, which caused significant flooding
and damage to private property (personal correspondence with Ryan Clark, US
Army Corps of Engineers Nashville District, August 4, 2015, Figures 21, 22).
NESTED WATERSHEDS
Woolen Mill Branch watershed is nested within the South Mouse Creek
watershed, which drains to the Hiwassee River, a Tennessee State Scenic River
(Figure 23). A 60-mile blueway trail begins in Reliance and ends at the
Hiwassee River Wildlife Refuge Area at Blythe Ferry and is used and valued by
20

canoeists, kayakers and fishermen from across the region and beyond.
Discharged pollutants from urban areas into Woolen Mill Branch, South Mouse
Creek and several other streams within Cleveland’s jurisdictional area impact this
pristine downstream resource.

21

Figure 17. Stream conditions of Woolen Mill Branch
Source: Author, City Of Cleveland
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Figure 18. Impaired conditions of Woolen Mill Branch
Source: Author, S&ME
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Figure 19. Cleveland: 100-year flood map
Source: Author, Us Army Corps Of Engineers, The City Of Cleveland
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Figure 20. Birds-eye view of urban conditions that affect flooding
Source: Author, Google Earth

Figure 21. Flooding 2003, Whirlpool site
Source: Author, City Of Cleveland

25

Figure 22. Flooding 2003, Broad Street
Source: Author, City Of Cleveland

Figure 23. Nested watersheds and the connection to highly valued, pristine, distant waters.
Source: Author, Google Earth, City Of Cleveland, cabinsbysundance.com, tennesseeoverhill.com

26

CHAPTER III
A NEW HYDROLOGIC REGIME
THE HYDROLOGIC REGIME OF WATER-CENTRIC URBAN AREAS
As discussed earlier in this thesis, we have green infrastructure practices
to help us redevelop our cities in a way that will move us towards a more natural
hydrologic regime, improving the environmental, economic and social functions
of our waterways as well as our cities. The following figure (Figure 24) illustrates
the characteristics of a hydrologic regime of a water-centric urban area. The new
regime focuses on maintaining, reintroducing and mimicking natural hydrologic
functions shown earlier in Figure 2. Natural hydrologic functions are maintained
by infiltrating precipitation where it falls instead of rapidly conveying it through
pipes. The infiltration of precipitation is increased by the reduction of impervious
surfaces using green roofs, pervious paving and bioretention basins. Runoff is
reduced, detained and treated. The floodplain is utilized for flood storage and
conveyance as well as for recreation and habitat. Buildings are less vulnerable
to damage by flooding. Increased tree canopy cover provides precipitation
interception. Riparian vegetation reduces the intensity and amount of runoff
entering the stream as well as provides habitat and shade to cool stream
temperatures.
A NEW HYDROLOGIC REGIME FOR CLEVELAND
As Cleveland redevelops, it can choose the status quo, business as usual
approach that led to the altered hydrologic state, or the city can choose a new
approach. This thesis proposes a new approach for Cleveland as illustrated in
Figure 25, and discusses the methods used to attain a new hydrologic regime
through a watershed approach to the renovation of Woolen Mill Branch,
leveraging the stream as a catalyst for urban investment and growth.
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Figure 24. The hydrologic regime of a water-centric urban area
Source: Author

Figure 25. A vision of the new regime that restores the city’s relationship with the hydrologic
system.
Source: Author, Google Earth
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Why does Cleveland need a new hydrologic regime?
A functional and connected hydrologic system is a logical foundation for
urban development because it provides and promotes multiple environmental,
economic and social functions. If Cleveland could undertake a new method to
managing its urban waters, many of the water quality and flooding problems
would be alleviated, thus creating new economic opportunities for properties in
close proximity to the stream. In addition, the stream and its floodplain would
become a public amenity, which would increase its social value.
Guiding Principles
In order for Cleveland to achieve a new hydrologic regime, the guiding
principles of a water-centric redevelopment need to be established to serve as a
framework for the city to follow as it moves towards the new regime. The
principles are:
•

To protect, restore or mimic the natural hydrologic system

•

To employ practices that incorporate both natural and engineered systems
to conserve ecosystem values and functions

•

To provide multiple benefits to people and wildlife

•

To value water as a vital resource and public amenity

The Strategy
The attainment of a new hydrologic regime will occur over time as
Cleveland grows through redevelopment in a water-centric manner. In order to
maximize the environmental, social and economic potential of the stream, a
watershed approach to its renovation is necessary. The strategy (Figure 26) to
achieve a new hydrologic regime will be carried out in phases within Woolen Mill
Branch watershed. Each phase will incorporate the guiding principles outlined
above. There will be an aim, a method and expected outcome of each phase
(discussed in detail in the following sections) that will increase the environmental,
economic and social function of the regime. The community will want to employ
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the strategy because there is a strong desire to reduce watershed flooding and
extend the popular South Mouse Greenway into downtown along Woolen Mill
Branch.
Phase One - Impetus
Phase one re-establishes a relationship between the people of Cleveland
and Woolen Mill Branch. The stream is a reflection of the condition of the
hydrologic system, a tangible element that people can experience. In order for
citizens to have concern over the improvement of their stream, they need to have
access to it. Therefore, the method by which this will take place is to establish a
new stream territory within the public realm. A park is built to stimulate the
public’s interest and interaction with the stream. The stream is no longer an
eyesore; its aesthetic quality is improved. Localized flooding is reduced, making
the stream less of a nuisance to nearby businesses.
A similar approach to implement an eight-phase flood mitigation plan was
adopted by Johnson City, TN. The city purchased flood prone downtown
property (Figure 27) with funds generated from their stormwater utility fee.
Phase one of the plan was to create Founders Park (Figure 28), a 5-acre green
space surrounding Brush Creek. The park “was selected as the first phase
because it is highly visible and had great potential to stimulate interest in
downtown revitalization. That worked. The community is completely on-board
and excited about the potential,” according to landscape architect, Trey Benefield
(personal correspondence, January 21, 2015), formerly of Benefield-Richters, the
design firm that worked on the project. However, “its contribution to flood
mitigation is minimal compared to the upcoming phases,” stated Benefield. The
value of the project lay in its ability to trigger public support for the additional
phases of the project. Further, the potential of the Brush Creek’s ecological
improvement is limited due its engineered channel (Figure 29).
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Figure 26. The strategy
Source: Author
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Figure 27. Downtown flooding in Johnson
City, TN

Figure 28. Engineered stream channel of
Brush Creek, Johnson City, TN

Source: tophdgallery.com

Source: benefieldrichters.com

Figure 29. Founders Park, Johnson City, TN
Source: picshype.com
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Using Woolen Mill Branch’s 100-year flood boundary as defined by the US
Army Corps of Engineers (USACE), the most heavily impacted properties are
targeted for acquisition to make way for the site of the stream’s realignment and
new territory (Figure 30). Many of the structures on these properties are
currently abandoned or derelict and do not provide much economic or social
value to the community. FEMA mitigation funding is an option for the city to
acquire this land, as well as land swaps that the city can coordinate. Sixteen
structures and thirty-two parcels are affected.
The plan for the park (Figure 31) includes many interventions that have
multiple benefits. However, since the aim is to connect people to the stream,
most of the interventions are focused on providing social value. Although
environmental and economic benefits occur, they do not significantly increase the
integrity of the stream in this phase. Similar to Brush Creek, the first phase’s
renovation of only a segment of stream has limited overall hydrological and
ecological benefits for Woolen Mill Branch. These benefits will be realized in
later phases as more widespread hydrologic changes in the watershed occur.
The long time frame to realize these benefits may discourage public support.
Therefore, the focus of this phase is to increase the aesthetic appeal of the
stream over a relatively short time frame.
During the ‘Impetus’ phase, the physical framework of the new stream is
established. The stream is realigned into a more natural meandering pattern to
slow flow, reduce scour and streambank erosion. The channel cross-section and
profile are designed to accommodate the flow, which reduces local flooding.
Pools and riffles provide habitat for future aquatic species as water quality
improvement begins to support more diversity. Retrofits, such as large woody
debris placement for habitat, can occur in the future. Riparian vegetation
maintains cooler water temperatures, and provides food and habitat for aquatic
and terrestrial species. The new stream territory not only encompasses land for
the stream to meander, but also includes the stream’s 100-year floodplain. The
design of the park incorporates floodable open space. Re-contouring the land
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within the park’s boundaries restores the floodplain and its hydrologic function for
flood storage and conveyance to areas that will not harm structures. This
floodable open space increases pervious area to allow rainfall to infiltrate
recharging groundwater resources essential to maintaining stream baseflow in
dry periods.
A large bioretention basin receives stormwater from a nearby parking
area, reducing peak flow and removing pollutants before the water discharges
into Woolen Mill Branch. Native plantings in the basin provide habitat for
pollinators and other wildlife.
The desire of the citizens of Cleveland to extend the popular and heavily
used South Mouse Creek Greenway into downtown gives an opportunity to
connect the stream with the new Woolen Mill Branch Greenway and makes the
park a destination. Greenway users patronize nearby businesses, and new
businesses are attracted to locations close to the greenway.
A significant feature of the park is the outfall of Taylor’s Spring. A few
blocks to the northeast lies the site of a spring, the “historical birthplace of the city
of Cleveland” (clevelandbanner.com, accessed July 14, 2015). The spring flow is
conveyed to the park via an underground pipe to a pool feature, which then flows
into the renovated stream. The greenway will connect Taylor’s Spring Park
(currently under development by the city) with the park surrounding Woolen Mill
Branch.
Other programming features of the park that raise the social value of the
stream are an amphitheater, court sports and skate bowl, which expand the city’s
recreational amenities and satisfies an articulated need for more active
recreation opportunities in the city. Indigenous rock outcroppings connect the
community to their Southern Shale Valleys Ecoregion. A new community
building anchors the park, providing recreational facilities in addition to
programming to foster stewardship of Woolen Mill Branch and its watershed. A
bridge over the stream connects the large, neighboring Village Green retail and
office center to the park, increasing quality of life for office workers who can use
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the park for lunch and exercise, and adding value to the businesses located in
the complex.
Phase Two – Reinforcement
Building on the momentum generated by the popularity of the park and the
heightened public awareness of the city’s newest waterway amenity, phase two
begins with the aim of promoting neighborhood stream stewardship by building a
water-centric redevelopment project of affordable housing and retail/office space.
This phase creates public awareness and support for the new redevelopment
typology and its relationship with the stream. Because the project follows a
water-centric approach, the achievement of site scale stormwater management
goals is met.
Over the next 25 years, the City of Cleveland is forecasted to grow by
14,400 new residents needing approximately 6,300 new housing units.
Redevelopment is necessary and desired to accommodate this housing need, as
outlined in the City’s 2013 Comprehensive Plan.. The future land use plan goals
are to encourage the development of multi-family housing units and mixed-use
areas downtown and to promote various housing options in terms of affordability
in order to enhance socioeconomic diversity (City of Cleveland Comprehensive
Plan, 2013).
The phase two plan (Figure 32) provides 60 1-bedroom units and 42 2bedroom units, which face the park on First and Second Streets. Along the
busier roads of Inman and Third Streets, there is 85,800 square feet of space
designated for office or retail use, which serves the neighborhood and city at
large. Limited mixed use with office or retail on the first floor (19,500 square feet)
and 2-bedroom units (18) on the second floor on First and Second Streets offers
opportunities for businesses such as cafes to front the park, capitalizing on the
proximity to the renovated stream. These new buildings incorporate green
infrastructure features such as green roofs, which retain runoff and reduce
energy costs.
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Figure 30. Figure ground of buildings removed from flood zone
Source: Author, USACE, City Of Cleveland
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Figure 31. Plan of phase 1
Source: Author
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Figure 32. Plan of phase 2
Source: Author
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Off-street parking is provided behind the units out of public view. To
address stormwater management, these areas are either pervious or are
serviced by bioretention cells and basins for runoff reduction, infiltration and
filtration. On-street parking serves the office and retail units, activates the
streetscape and buffers pedestrians from traffic. Bioretention cells placed within
landscape bump-outs at regular intervals along the street manage stormwater.
Trees in parking areas and along street provide canopy interception and shade.
The section through the neighborhood and park (Figure 33) illustrates the spatial
relationship between the streets, buildings, parking areas, park, stream and
floodplain. Also illustrated are the green infrastructure interventions used to
infiltrate, evapotranspirate, filter, retain and intercept water in order move towards
a more natural hydrologic condition.
The building of a neighborhood adjacent to the renovated stream is a
crucial step in the establishment of the new hydrologic regime for Cleveland.
Residents who use the park develop a connection with the stream and are likely
to take on a stewardship role to ensure the stream continues to have aesthetic
quality. The introduction of a water-centric redevelopment typology breaks
ground adjacent to the new high profile public park and at the core of downtown,
becoming a prototype for future growth and redevelopment in the subsequent
phases of this plan and elsewhere in the city. This typology helps the residents
make the connection between the functional hydrology of their neighborhood and
the health of their neighborhood stream. Residents expand their knowledge
about stream health by organizing and attending programmed events at the
community building. Such programs and events include citizen science stream
monitoring projects, stream clean ups, K-12 outdoor education classes and water
festivals. Public discussion of the broader agenda of the watershed approach to
a healthy functioning stream takes place in the neighborhood, park and
community building.
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Figure 33. Section through the new water-centric neighborhood and park
Source: Author
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Phase Three – Expansion
Now that Woolen Mill Branch has been daylighted and renovated, the city
can see the positive impact of this new shared water amenity. The new
redevelopment typology has been established and introduced to potential
developers in a neighborhood project. The success of these projects leverages
the continuation of the plan. The aim of this phase is to expand the benefits of
the stream renovation to other areas downtown within the Woolen Mill watershed
by acquiring more flood-prone land and incentivizing the water-centric
redevelopment approach. As a result of this phase, there is an increased
understanding and appreciation of the new redevelopment typology by
developers and citizens.
This phase expands and engages the Woolen Mill Branch corridor as a
water management infrastructure in a similar way to the renovated Waller Creek
in Austin, TX. Waller Creek is a narrow riparian corridor that winds through
downtown Austin. Typical to most urban streams, it is subject to flash flooding
and has been disconnected from the surrounding city. A vision plan (Figure 34)
by Michael Van Valkenburgh Associates, Inc. reframes the creek after an
extensive infrastructure investment to relieve flooding in 2011. The design
concept “expands a rejuvenated Waller Creek into a linear chain of parks,
embedded in five connected neighborhood districts” with “new opportunities for
sustainable development, an outdoor laboratory of urban ecology, and an iconic
new music venue” (Michael Van Valkenburgh Associates, Inc, n.d.). According
to Evan Blondell, an associate at the firm, one of the main drivers in the design of
the project was to address the city’s stormwater management concerns (personal
correspondence, April 15, 2015). This precedent is useful in illustrating how an
urban stream can, through a series of parks, open space and redevelopment
projects, connect districts of a city and provide multiple social, environmental and
economic benefits.
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Figure 34. Waller Creek plan
Source: Michael Van Valkenburgh Associates, Inc.

The 100-year flood zone of Woolen Mill Branch is used to make a
determination regarding the further expansion of the stream renovation. One
area of land that lies within this boundary is located along Inman Street at the
confluence of South Mouse Creek and Woolen Mill Branch. It is zoned for
commercial use and is currently for sale, though the site lies below the current
100-year flood elevation. The city works with the developer to encourage a
water-centric approach for the development of this land, requesting a stormwater
management concept plan early in the planning process to open dialogue
regarding innovative ways in which the developer can meet the city’s stormwater
goals while also increasing the amount of developable land above flood levels.
The city provides technical assistance and fast track permit approvals as
incentives for use of green infrastructure techniques on site.
A constructed wetland (Figure 35) is built which will provide ecosystem
services including the management and treatment of stormwater. Since all of the
land lies within the 100-year flood zone, the excavation of the wetland provides
fill to raise the first floor level above this elevation. Compensatory flood storage
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of the wetland offsets the impact of this fill. The wetland also aids in peak flow
reduction, extended biological treatment, evapotranspiration and sedimentation
of on and off-site stormwater before it enters Woolen Mill Branch. Wetland plants
provide habitat to diverse aquatic and terrestrial species, adding aesthetic value
and opportunities for wildlife viewing.
The retail/office space on this site provides tax revenue and goods and
services, which increase economic value. The wetland serves an amenity to the
development, making the property more marketable to developers and business
owners and creating a better work and shopping environment for employees and
customers. It becomes known as “the confluence” where two urban streams, as
well as people converge.
The South Mouse and Woolen Mill Greenways and traverse the site,
providing recreation opportunities and connecting people to the businesses
thereon and to destinations elsewhere along the trails. A boardwalk spur over the
wetland gives visitors an opportunity to more closely observe and experience the
wetland.
Between Broad and Church Streets, which run north and south, and Third
and Sixth Streets, which run east and west, is an additional area that is
predominantly in the 100 year-flood zone and is transformed into a watercleansing corridor and gateway to downtown Cleveland (Figure 36). The land is
acquired by accrued stormwater utility fees and/or a FEMA mitigation grant.
Ocoee Street, a main road transporting people from the south into downtown
runs through this area. The gateway features a constructed wetland that
announces Cleveland’s mutually beneficial relationship with urban hydrology.
This wetland provides ecosystem services similar to the wetland at the
confluence. The renovation efforts of Woolen Mill Branch are extended from the
park to the Old Woolen Mill, a redeveloped historic structure. Bioretention basins
provide peak flow reduction and pollutant removal for stormwater collected in the
watershed, which then discharge the cleansed water into the stream. These
basins have a sculptural quality to their landforming, making them unique
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Figure 35. The constructed wetland at the confluence
Source: Author
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Figure 36. Plan of phase 3
Source: Author
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places for passive recreation and visually appealing to passersby on Broad
Street. The native vegetation provides habitat for pollinators and other wildlife.
Mixed-use units are built with the same integrated green infrastructure
techniques and systems that are demonstrated in the now up and running park
neighborhood development of phase one. Developers and the city benefit from
lessons learned during that project to expand and modify the techniques if
determined necessary.
Phase Four – New Regime
As market demand for real estate adjacent to the open space and
renovated stream increases, an increasing demand for water-centric
redevelopment drives new projects elsewhere in the watershed such as the Old
Woolen Mill, the Whirlpool site and other large industrial sites, as well as
underutilized commercial sites.
The aim of phase four is to achieve maximum potential of the Woolen Mill
Branch hydrologic system - environmentally, economically and socially. In order
to reach this potential, a watershed approach to the renovation of the stream is
necessary. Bernhardt and Palmer emphasize the importance of focusing on the
catchment, not just the stream itself in restoration efforts:
Streams and rivers reflect what we do on the land, and rather than
working at the end of the pipe (the stream), community groups and
mangers may need to be focusing their energies on protecting streams
and rivers from continued degradation by keeping storm waters, nutrients
and contaminants contained within catchments. (2011, p. 1929)
Continued renovation of the stream will continue in this phase. Using an
array of water-centric redevelopment and retrofit techniques and programs
throughout the watershed, improvements to the integrity of the stream ensue, as
well as the social and economic benefits that accompany a healthy and vibrant
stream meandering through the city. The change in watershed conditions occurs
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so that the stream will possibly reach or exceed the benchmark habitat and TMI
scores.
Watershed flooding will be significantly reduced. More open space will be
allocated for the territory of Woolen Mill Branch and its floodplain by the
acquisition of flood prone land for parks and open space. Infiltration will increase
by the removal of large industrial buildings and expanses of pavement and the
installation of pervious pavement and green roofs. Bioretention basins within this
public realm will retain and treat stormwater and provide habitat.
Businesses adjacent to the stream will see an increase in revenue
because the stream is attractive to clientele. As Wildwood Street transforms into
a commercial strip, the opportunity to embed green infrastructure practices within
this new development is realized. As evidenced in previous phases, market
demand for new residential development near the newly created riparian corridor
and greenway will increase. Businesses throughout the watershed will also
benefit from reduced flood damage and costs associated with flood events.
An active watershed coalition will assume watershed and stream
maintenance, monitoring and other activities that promote stream stewardship.
The stream will be highly valued by the community.
The Nine Mile Run project in Pittsburgh, PA is an example of a stream
restoration project that catalyzed initiatives by an engaged watershed
association, resulting in a change in watershed management. The context of this
restoration effort is somewhat different than that of Woolen Mill Branch, but is still
a relevant precedent. The stream mostly flows through an established urban
park. However the contributing watershed is highly urbanized. Following the
restoration of the 2-mile stream in 2006 (Figure 37), the Nine Mile Run
Watershed Association installed 1400 rain barrels in an effort to evaluate the
impact of dense rain barrel installation on storm water flow patterns (Figure 38).
Further effort by the group has resulted in a runoff reduction project with the goal
of removing 25 million gallons of stormwater from the combined sewer system by
various green infrastructure installations within the watershed. In addition, the
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Figure 37. An ecological restoration of Nine Mile Run, Pittsburgh
Source: Biohabitats

Figure 38. Nine Mile Run Watershed Association rain barrel project
Source: yinzperation.com
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Urban EcoStewards volunteer program adopted the task of managing native
riparian vegetation following the restoration.
Bain et al., (2014) report that the synthesis of data on this stream
restoration “document improvements in in-stream biotic communities with a
continuing positive trajectory (p.1609).” The paper goes on to say that “the
response of catchment residents to the restoration seem fundamental to the
continued removal of instream stressors (p.1609),” thus illustrating the
importance of community engagement with the stream renovation process and
management of the watershed in achieving improved stream ecosystem
services.
It is the intent of phase four that stream renovation efforts are maximized
by water-centric practice and policy implementation on a widespread basis
throughout the watershed. The watershed of Woolen Mill Branch is mapped
showing potential land use and appropriate water-centric redevelopment or
retrofit techniques (Figure 39).
Residential areas employ rain gardens and rain barrels. For stream-side
properties, the city incentivizes stream buffer installation by providing riparian
plants and technical assistance to homeowners in maintaining these buffers
(Figure 40). Economic benefits are realized with reduced flooding and increased
property values. Homeowners realize the value in providing habitat for aquatic
and terrestrial species.
Owners of commercial sites install bioretention retrofits (Figure 41) to
obtain credits for the stormwater utility fee and to increase the aesthetic value of
their business.
Appropriate retrofits for the downtown central business district include
“green streets” (Figure 42), which include the installation of bioretention cells,
pervious paving and street trees. The city plays a role in actively implementing
green infrastructure practices on public property to reduce the impact of
stormwater runoff from public right-of-ways on Woolen Mill Branch and to show
their commitment to establishing the new water-centric regime.
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Figure 39. An array of techniques to achieve a new hydrologic regime
Source: Author

50

Abandoned and hulking industrial areas suited to serve outdated
manufacturing economies redevelop as “industrial parks” (Figure 43). Building
footprints are smaller providing venues for lighter industrial uses, makerspaces
and entrepreneurship incubators that are integrated as part of the public domain.
Green roofs and cisterns retain rainfall while public open space woven through
the building sites increases infiltration, evapotranspiration and public use.
Community centers throughout the watershed host programs and events
focusing on watershed issues and community building through a common vision
for stream health and the new hydrologic regime.
These distributed, decentralized strategies reduce runoff quantity and improve
runoff quality within the watershed, thus providing Woolen Mill Branch an
opportunity achieve higher levels of ecological performance and return to a more
natural hydrologic state. The time frame to achieve these ends is long since the
existing watershed is greatly altered. Although many interventions are proposed
in this phase, implementation could begin in phase one to speed up the rate of
restoration. Key to the success of phase four will be a vibrant watershed coalition
of citizens, business owners, developers and city officials advocating for
initiatives in their watershed. Accompanying the ecological and hydrological
improvements to the hydrologic system will be many opportunities for increased
social amenities and economic growth. The once forgotten and derelict Woolen
Mill Branch will be an accessible, healthy public amenity, and a source of pride in
Cleveland that sustains and adds value to the community (Figure 44).
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Figure 40. Riparian buffer on a streamside property
Source: Author, Google Earth

Figure 41. Bioretention retrofit for a commercial property
Source: Author. Google Earth
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Figure 42. Green street in downtown Cleveland
Source: Author, Google Earth

Figure 43. Industrial park redevelopment
Source: Author
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Figure 44. The renovated Woolen Mill Branch realizes its environmental, economic and social potential
Source: Author
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CHAPTER IV
CONCLUSION
Since their settlement, cities have relied upon their streams for the
livelihood, health and sustainability of their people. As cities have grown, we
have placed demands upon streams and their watersheds to serve
anthropogenic needs, imposing our social and economic systems upon natural
systems often with detrimental outcomes to both natural systems and ourselves.
We have overlaid our rigid anthropogenic systems upon the fluid hydrologic
systems of urban streams resulting in an altered state that has disrupted
ecological, social and economic systems.
We now realize that this approach to urbanization and water management
is not sustainable. The health of our streams is inextricably connected to the
health of our economies and social well-being. We have the technology and
knowledge of green infrastructure practices to make better decisions about city
development that will lead us to a connected and functional hydrologic regime.
However, change can be difficult and takes time, especially given the magnitude
of our existing development patterns and water management infrastructure.
Reversing the associated impacts of these development patterns on our water
resources will take extended periods of time and effort to achieve.
OPPORTUNITY FOR CHANGE
In Cleveland, TN, Woolen Mill Branch offers an opportunity for the
community to change their relationship with the stream and the broader
hydrologic system. The disruptive flooding that occurs downtown and the citizens
desire to extend the popular South Mouse Creek Greenway are drivers for
change. This thesis is a roadmap to guide the people of Cleveland in this
process of change. Although it focuses on the renovation of the Woolen Mill
Branch watershed, the strategy and methods discussed are applicable to other
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watersheds in Cleveland and other cities throughout the country. To reach the
proposed outcomes, multiple stakeholders, united by a common vision for water
resource health, economic prosperity and social activation must support the plan.
Community leaders, organizations, citizens, businesses, agencies and planning
professionals must align to form the enduring socio-political capital needed for
success.
MAINTAINING MOMENTUM
Maintaining the momentum of a plan with a long time frame will be a
challenge. By starting the plan with a high public profile project, the renovated
stream and its associated social and economic benefits will catalyze the
continued renovation of the stream throughout the watershed. People in other
parts of the watershed will want the same benefits in their neighborhood and will
organize to implement a stream renovation and the green infrastructure
techniques needed to promote overall stream quality.
Timing is critical component of the roadmap. The change in land use of
the large Whirlpool complex will have a significant impact on the watershed. If
the city does not have a water-centric agenda in place when this property
undergoes redevelopment, an opportunity to transform this highly impervious site
into one that restores hydrologic functions that support the social, economic and
ecological well-being of the watershed, neighborhood and the city may be lost.
OVERCOME RESISTANCE
Resistance to change and desire to keep status quo is always a challenge
when proposing a new way of doing things. The city may be reluctant to impose
new requirements on developers. However, many cities including Philadelphia
are adopting a water-centric approach to satisfying federal and state water
management regulations. The EPA provides technical assistance programs to
cities to ease the transition to implement green infrastructure. Developers may be
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resistant to using new stormwater management techniques because they are
unfamiliar with them and have concerns regarding increased cost and
maintenance. Fortunately, there is a growing body of published literature and
case studies that can be used to allay their concerns. As laid out in this project,
leadership by the city demonstrated through the use of integrated green
infrastructure strategies in open space and infrastructure projects, as well as
incentives by the city outlined in the previous section are important in getting
developers on board.
This project gives Cleveland the opportunity to promote stream and river
resources as a part of Cleveland’s place. By following this plan, the city can
promote the value of urban streams and water quality stewardship. The city’s
proximity to the pristine Hiwassee and Ocoee Rivers, two leading outdoor
recreation rivers in the region, is an asset on which the new water-centric city can
capitalize. Although Woolen Mill Branch and other urban streams within larger
watersheds will never achieve a pre-colonial state of restoration, there is an
opportunity to greatly increase the integrity of these streams so that they are
healthy and safe for people and wildlife.
WHAT IS THE MAXIMUM ECOLOGICAL POTENTIAL?
Urban stream restoration straddles the worlds of ecology and sociology.
Because of the degraded nature of urban watersheds, the restoration of a
stream’s ecological functions has proven far more challenging than
reestablishing its connections to a community socially and culturally. The level of
ecological integrity a stream can attain is highly variable in an urban situation.
“While the majority of urban ecological research to date has documented that
both biotic communities and biogeochemical function are impaired in urban
streams, other recent studies suggest that some simple management strategies
can improve these conditions” (Bernhardt and Palmer, 2007, p. 741). They
continue to say that a great deal more research needs to be conducted in order
to properly guide decisions about whether or not the restoration will have a
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positive impact on stream ecosystems (p. 747). Bernhardt and Palmer also write
that to maintain healthy stream ecosystems, we must focus on the hydrologic,
geomorphic and biological processes; in order to have an effective restoration,
we “must first focus on slowing and interrupting the hydrologic connectivity
between heavily altered catchments and draining streams, thereby improving
water quality and reducing peak flows” (Bernhardt and Palmer, 2011, p. 1929).
Until we have drastically improved the altered hydrology of the watershed, we
cannot expect to effectively improve the stream ecosystem. The question, “To
what extent can we ecologically restore a stream in a highly urbanized area?” will
remain unanswered for a long time. It will be an interesting experiment to
monitor the extent of an urban stream ecosystem improvement as a result of a
water-centric approach to redevelopment throughout a watershed. By employing
a water-centric approach to urban redevelopment as a pathway to stream
restoration, Woolen Mill Branch in Cleveland, TN positions itself to contribute to
this important area of emerging research and water resource monitoring.
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